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 Abstract: New imidazolium salts with 1,2,3-triazole rings (rm1-rm5) were prepared in 
the current work using a design-driven synthetic procedure scheme. By using analytical 
techniques such as NMR, IR and spectral information, the chemical structures of target 
synthesized products were identified using results that were discovered in perfect accord 
with their assigned structures. The microorganism used in the current study were 
bacterial strains of Staphylococcus aureus, Escherichia coli, Klebsiella pneumoniae, 
Bacillus subtilis and Micrococcus luteus, as well as the fungal strains of Aspergillus niger 
and Candida albicans. All the end products were estimated for their antibacterial activity. 
The values for the minimum inhibitory concentration (MIC) were confirmed by 
comparison to the widely used antibiotics fluconazole and ciprofloxacin as control drugs. 
Particularly, the compounds (rm5) and (rm4) showed observable antibacterial activity. 
These compounds might offer a brand-new place to start when looking for new 
antibacterial medications. 

Keywords: imidazole; 1,2,3-triazole ring; imidazolium salts; antifungal activity; 
antibacterial activity 

 
■ INTRODUCTION 

Developing new medications by molecular 
modification has been the primary goal of medicinal 
chemists in recent years, along with improving the 
efficacy and duration of existing treatments while 
lowering their toxicities and side effects [1]. The drug 
development process has continued to be a priority for the 
biopharmaceutical industry and a medicinal chemist. The 
natural or artificial origin of organic therapeutic 
compounds is up for debate. The structures of natural 
pharmaceuticals are modified to create synthetic drugs, or 
they are created entirely from scratch [2]. A significant 
global public health concern now is the gradual rise in 
infectious illness occurrences brought on by rising 
microbial antibiotic resistance [3]. This big problem has 

encouraged chemists and researchers to prepare and 
improve new antimicrobial drugs and medications that 
will be more active and effective, less dangerous, and 
more targeted in combating medication-resistant 
bacteria [4]. Nitrogen atoms that contain heterocyclic 
compounds such as, 1,2,3-triazole have a high 
biocompatibility and a variety of pharmacological 
actions, including antihypertensive, anticonvulsant [5], 
antiallergic, analgesic [6], antimalarial [7], CNS 
depressant [8], antitubercular [9], antifungal [10], 
antiviral [11], antibacterial [12], the usage of 
heterocyclic molecules contain triazole ring, attractive 
linkages that led to collection two or more 
pharmacophores to create novel functional medications, 
has increased in significance [13-15]. Aromatic 
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heterocycles, in particular the imidazole ring, have been 
used in recent years to synthesize a variety of active 
molecules with antiviral, antidiabetic, antifungal, 
antitumor, antibacterial, and other actions [16]. Finding 
new, potent therapeutic molecules made from imidazole 
is an active area of medicinal chemistry research [17]. 
Furthermore, improvements in medicinal chemistry 
research, regulation, and manufacturing are hastening the 
development or preparation of solid active components 
that are taken as tablets or powders; nonetheless, many 
solid medications that function well in vitro are still too 
insoluble to be absorbed by the body [18]. Ionic liquids 
are a promising class of therapeutic options from this 
standpoint, and their physicochemical and 
pharmacological characteristics can be easily changed 
[19-20]. Salts make up the majority of bioactive 
compounds that are sold to the food or pharmaceutical 
industries [21]. In the current study, the prepared 
imidazolium salt can be used to produce ionic molecules 
with extremely effective pharmacological effects [22]. 
Results have been obtained that imidazolium salt 
derivatives are used as a new antibacterial substance [23]. 
Regarding this, the literature has described mono-
imidazolium salts based on amino acids as having good 
bacterial toxicity [24]. 

■ EXPERIMENTAL SECTION 

Materials 

The materials used in this study were Imidazole 
(C3H4N2) (99% purity, Sigma Aldrich (USA), Series from 
Alkyl Bromide (CnH2n+1Br) where n = 10, (99% purity, 
Sigma Aldrich (USA), Propargyl bromide (~80% purity, 
Sigma Aldrich (USA)). High-quality absolute Diethyl 
ether, Dioxan, DMF, DMSO and Sodium azide (NaN3), 
Sodium hydroxide (NaOH) (99% purity Fluka & Merck, 
Germany). 

Instrumentation 

The instrumentations used in this study were 
Fourier transformation infrared (Bruker ALPHA FTIR, 
Germany) (KBr plate) at the University of Kufa, Faculty 
of Science. NMR spectra in DMSO-d6 at the Iranian 
Shahid Beheshti University (75 MHz for 13C-NMR and 

300 MHz for 1H-NMR, Bruker spectrometer, Germany). 
The melting points were recorded using the (Electro 
Thermal Melting Point Apparatus, United Kingdom). 

Procedure 

Synthesis of N-Substituted imidazole (m1-m5) [25] 
KOH (29.4 mmol) was added directly to a new 

solution of starting material imidazole (15 mmol) in 
20 mL DMSO. After 2 h of continuous stirring at 90 °C, 
alkyl bromide (15 mmol) was added slowly dropwise at 
room temperature to the reaction solution with constant 
stirred. Following complete addition, the mixture of 
reaction was agitated for the remainder of the reaction's 
1.5 h duration at 40 °C. The reactant solution was then 
added to 250 mL of water and separated with 
chloroform (3 × 30 mL). After the solvent had 
evaporated, the residue was obtained. Acetonitrile was 
used to recrystallize the final product. 
1-Decyl-1H-imidazole (m1). Yield (81%), m.p. (215–
217 °C). 1H-NMR (300 MHz, DMSO-d6): δ (ppm): 0.86 
(3H, CH3, t, J = 7.1 Hz), 1.21–1.28 (14H, 7 x CH2, m), 
1.81 (2H, p, J = 6.9 Hz), 4.53 (2H, N-CH2, t, J = 7.0 Hz), 
7.63 (1H, imid H, s), 7.76 (1H, imid H, s), 9.79 (1H, 
NCHN, s). 13C-NMR (75 MHz, DMSO-d6): δ (ppm): 
138.24 (NCHN), 121.25, 122.38 (imid-C), 46.07 (N-
CH2), 31.77, 29.89, 29.48, 29.47, 29.14, 29.01, 26.74, 
22.51 (8-CH2), 14.12 (CH3). FTIR (KBr, cm−1): 3157 (C-
alkeneH.), 2971 (C-aliphH), 2858 (C-aliphH), 1617 (C=N), and 
1254 (C-N). 
1-Dodecyl-1H-imidazole (m2). Yield (80%), m.p. 
(218–219 °C). 1H-NMR (300 MHz, DMSO-d6): δ (ppm): 
0.83 (3H, CH3, t, J = 7.0 Hz), 1.18–1.26 (18H, 9 x CH2, 
m), 1.76 (2H, p, J = 6.9 Hz), 4.54 (2H, N-CH2, t, J = 7.0 
Hz), 7.64 (imid H, 1H, s), 7.79 (imid H, 1H, s), 9.81 (1H, 
NCHN, s). 13C-NMR (75 MHz, DMSO-d6): δ (ppm): 
137.81 (NCHN), 122.87, 120.54 (imid-C), 44.90 (N-
CH2), 31.97, 30.14, 29.96, 29.57, 29.37, 29.27, 29.05, 
28.47, 26.47, 22.78 (10-CH2), 13.98 (CH3). FTIR (KBr, 
cm−1): 3108 (alkeneC-H), 2975 (aliphC-H), 2864 (aliphC-H), 
1618 (C=N), and 1255 (C-N). 
1-Tetradecyl-1H-imidazole (m3). Yield (83%), m.p. 
(220–222 °C). 1H-NMR (300 MHz, DMSO-d6): δ (ppm): 
0.87 (3H, CH3, t, J = 7.1 Hz), 1.17–1.25 (22H, 11 x CH2, 
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m), 1.76 (2H, p, J = 6.9 Hz), 4.48 (2H, N-CH2, t, J = 7.0 
Hz), 7.63 (imid H, 1H, s), 7.75 (imid H, 1H, s), 9.83 (1H, 
NCHN, s). 13C-NMR (75 MHz, DMSO-d6): δ (ppm): 
138.28 (NCHN), 123.41, 121.25 (imid-C), 43.78 (N-CH2), 
31.81, 29.81, 29.65, 29.59, 29.51, 29.45, 29.41, 29.33, 29.05, 
28.78, 26.65, 22.52 (12-CH2), 14.30 (CH3). FTIR (KBr, 
cm−1): 3141 (alkeneC-H), 2965 (aliphC-H), 2885 (aliphC-H), 
1620 (C=N), and 1245 (C-N). 
1-Hexadecyl-1H-imidazole (m4). Yield (75%), m.p. 
(227–228 °C). 1H-NMR (300 MHz, DMSO-d6): δ (ppm): 
0.84 (3H, CH3, t, J = 7.1 Hz), 1.20–1.28 (26H, 13 x CH2, 
m,), 1.78 (2H, p, J = 6.9 Hz), 4.49 (2H, N-CH2, t, J = 7.0 
Hz), 7.65 (imid H, 1H, s), 7.80 (imid H, 1H, s), 9.86 (1H, 
NCHN, s). 13C-NMR (75 MHz, DMSO-d6): δ (ppm): 
138.54 (NCHN), 123.15, 121.12 (imid-C), 45.87 (N-CH2), 
31.98, 31.71, 29.87, 29.72, 29.51, 29.41, 29.38, 29.30, 29.07, 
28.95, 28.89, 26.74, 26.88, 22.87 (14-CH2), 14.13 (CH3). 
FTIR (KBr, cm−1): 3107 (alkene), C-H2975 (C-aliphH), 2882 
(aliphC-H), 1625 (C=N), and 1250 (C-N). 
1-Octadecyl-1H-imidazole (m5). Yield (74%), m.p. 
(231–233 °C). 1H-NMR (300MHz, DMSO-d6): δ (ppm): 
0.85 (3H, CH3, t, J = 7.1 Hz), 1.18–1.25 (30H, 15 x CH2, 
m), 1.74 (2H, p, J = 6.9 Hz), 4.55 (2H, N-CH2, t, J = 7.0 
Hz), 7.61 (imid H, 1H, s), 7.78 (imid H, 1H, s), 9.82 (1H, 
NCHN, s). 13C-NMR (75 MHz, DMSO-d6): δ (ppm): 
137.97 (NCHN) ,123.57, 121.60 (imid-C), 45.16 (N-CH2), 
31.78, 31.78, 29.97, 29.81, 29.72, 29.55, 29.50, 29.42, 29.31, 
29.20, 29.11, 28.97, 28.36, 26.54, 26.41, 22.51 (16-CH2), 
14.48 (CH3). FTIR (KBr, cm−1): 3135 (alkeneC-H), 2941 
(aliphC-H), 2874 (aliphC-H), 1608 (C=N), and 1249 (C-N). 

Synthesis of imidazolium salt (r1-r5) [25] 
The 1-alkyl-1H-imidazole (m1-m5) (5.5 mmol) was 

reacted with excesses of propargyl bromide in (30 mL) of 
acetonitrile and refluxed for 24 h. The resulting sticky 
solution was separated and washed several times with 
diethyl ether and 1,4-dioxane, and the resulting 
compound was directly converted by metathesis reaction 
to its hexafluorophosphate counterpart anion using KPF6 
(5.00 mmol) at room temperature in methanol and water 
(20 mL). To get rid of any KPF6 leftovers, the finished 
product was rinsed (3 × 5 mL) with distilled water. The 
final product was recrystallized from acetonitrile. 

1-Decyl-3-(prop-2-yn-1-yl)imidazolium salts (r1). 
Yield: (80%). m.p. (260–262 °C). 1H-NMR (300 MHz, 
DMSO-d6): δ (ppm): 0.84 (3H, CH3, t, J = 6.7 Hz), 1.14–
1.21 (14H, 7 x CH2, m), 1.74 (2H, p, J = 6.9 Hz,), 3.62 (1H, 
C≡C-H, s), 4.29 (N-CH2, t, J = 7.0 Hz, 2H), 4.81 (2H, N-
CH2-C≡C, s), 7.18 (1H, imid H, s), 6.69 (1H, imid H, s), 
8.93 (s, 1H, NCHN). 13C-NMR (75 MHz, DMSO-d6): δ 
(ppm): 142.41 (NCHN), 122.87, 121.15 (imid-C), 74.87 
(-CCH), 67.74 (CH), 48.57 (acetylene-CH2‐N), 44.38 
(N-CH2), 32.81, 29.97, 29.81, 29.41, 29.21, 29.11, 27.10, 
22.74 (8-CH2), 14.20 (8-CH3). FTIR (KBr, cm−1): 3270 (-
C≡CH), 3105 (alkeneC-H), 2950(aliphC-H), 2885(aliphC-H), 
2125 (-C≡C-), 1614 (C=N), and 1265(C-N). 
1-Dodecyl-3-(prop-2-yn-1-yl)imidazolium salts (r2). 
Yield: (75%). m.p. (277–278 °C). 1H-NMR (300 MHz, 
DMSO-d6): δ (ppm): 0.81 (3H, CH3, t, J = 6.7 Hz,), 1.14–
1.20 (18H, 9 x CH2, m), 1.73 (2H, p, J = 6.9 Hz), 3.61 (1H, 
C≡C-H, s), 4.29 (2H, N-CH2, t, J = 7.0 Hz), 4.81 (2H, N-
CH2-C≡C, s), 7.12 (1H, imid H, s), 6.74 (1H, imid H, s), 
8.93 (s, 1H, NCHN). 13C-NMR (75 MHz, DMSO-d6): δ 
(ppm): 142.75 (NCHN), 122.87, 121.85 (imid-C), 74.74 
(-CCH), 67.27 (CH), 48.84 (acetylene-CH2‐N), 44.90 
(N-CH2), 32.71, 30.75, 29.98, 29.81, 29.60, 29.35, 29.12, 
28.78, 26.21, 22.58 (10-CH2), 14.08 (10-CH3). FTIR 
(KBr, cm−1): 3274 (-C≡CH), 3081 (aromatiC-Hc), 2975 
(aliphC-H), 2865 (aliphC-H), 2128 (-C≡C-), 1614 (C=N), 
and 1260 (C-N). 
1-Tetradecyl-3-(prop-2-yn-1-yl)imidazolium salts 
(r3). Yield: (78%). m.p. (291–292 °C). 1H-NMR 
(300 MHz, DMSO-d6): δ (ppm): 0.86 (3H, CH3, t, J = 6.7 
Hz), 1.14–1.21 (22H, 11 x CH2, m), 1.72 (2H, p, J = 6.9 
Hz), 3.69 (1H, C≡C-H, s), 4.31 (2H, N-CH2, t, J = 7.0 
Hz), 4.84 (2H, N-CH2-C≡C, s), 7.19 (1H, imid H,s), 6.75 
(1H, imid H, s), 8.92 (s, 1H, NCHN). 13C-NMR (75 MHz, 
DMSO-d6): δ (ppm): 142.91 (NCHN), 122.89, 121.21 
(imid-C), 74.85(-CCH), 67.74(CH), 48.54(acetylene-
CH2‐N), 44.74 (N-CH2), 31.25, 29.88, 29.68, 29.52, 29.44, 
29.35, 29.28, 29.21, 29.01, 28.54, 26.81, 22.45 (12-CH2), 
14.35 (CH3). FTIR (KBr, cm−1): 3275 (-C≡CH), 3105 
(alkeneC-H), 2941 (aliphC-H), 2885 (aliphC-H), 2122 (-C≡C-), 
15611 (C=N) and 1260 (C-N). 
1-Hexadecyl-3-(prop-2-yn-1-yl)imidazolium salts 
(r4). Yield: (80%). m.p. (298–300 °C). 1H-NMR 
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(300 MHz, DMSO-d6): δ (ppm): 0.83 (3H, CH3, t, J = 6.7 
Hz), 1.16-1.23 (26H, 13 x CH2, m), 1.71 (2H, p, J = 6.9 Hz), 
3.69 (1H, C≡C-H, s), 4.32 (2H, N-CH2, t, J = 7.0 Hz), 4.82 
(2H, N-CH2-C≡C, s), 7.22 (1H, imid H, s), 6.64 (1H, imid 
H, s), 8.96 (s, 1H, NCHN), 13C-NMR (75 MHz, DMSO-
d6): δ (ppm): 143.84 (NCHN), 122.78, 120.94 (imid-C), 
75.15 (-CCH), 67.17 (CH), 47.87 (acetylene-CH2‐N), 
45.18 (N-CH2), 31.89, 31.80, 29.98, 29.70, 29.59, 29.50, 
29.45, 29.31, 29.22, 29.11, 28.84, 26.45, 26.18, 22.41 (14-
CH2), 14.87 (CH3). FTIR (KBr, cm−1): 3287 (-C≡CH), 
3105 (alkeneC-H), 2965 (aliphC-H), 2875 (aliphC-H), 2133 (-
C≡C-), 1625 (C=N), and 1251 (C-N). 
1-Octadecyl-3-(prop-2-yn-1-yl)imidazolium salts 
(r5). Yield: (81%). m.p. (295–297 °C). 1H-NMR (300 
MHz, DMSO-d6): δ (ppm): 0.81 (3H, CH3, t, J = 6.7 Hz), 

1.16-1.22 (30H, 15 x CH2, m), 1.69 (2H, p, J = 6.9 Hz), 3.60 
(1H, C≡C-H, s), 4.29 (2H, N-CH2, t, J = 7.0 Hz), 4.87 (2H, 
N-CH2-C≡C, s), 7.25 (1H, imid H, s), 6.74 (1H, imid H, 
s), 8.91 (s, 1H, NCHN), 13C-NMR (75 MHz, DMSO-d6): δ 
(ppm): 143.28 (NCHN), 122.95, 121.05 (imid-C), 76.15  
(-CCH), 67.88 (CH), 48.97 (acetylene-CH2‐N), 44.35 
(N-CH2), 31.97, 31.78, 30.14, 29.88, 29.61, 29.55, 29.50, 
29.43, 29.32, 29.20, 29.14, 29.04, 28.97, 26.87, 26.28, 22.45 
(16-CH2), 14.70 (CH3). FTIR (KBr, cm−1): 3268 (-C≡CH), 
3098 (alkeneC-H), 2985 (aliphC-H), 2852 (aliphC-H), 2131  
(-C≡C-), 1621 (C=N), and 1254(C-N). 

Syntheses of bis-1,2,3-triazoleimidazolium salt (rm1-
rm5) [26] 

The following ingredients were dissolved in 30 mL 
DMF and agitated for 30 min: imidazolium salt (rm1-
rm5; 3.4 mmol), sodium ascorbate (1.18 mmol), and 
copper(II) sulfate pentahydrate (1.16 mmol). The mixture 
was then supplemented with sodium azide (1.7 mmol), 
while stirring at 50 °C. The reactant solution for the target 
product was then allowed to stir slowly at room 
temperature while the TLC plate technique used with a 
constant volume of mixed solvents (methanol: 
dichloromethane; 1:9 ratio), and the end point of the 
chemical reaction were all used to confirm it. The organic 
solvents were then evaporated using a vacuum, and the 
leftover material was dissolved in 50 mL of 
dichloromethane before being cleaned three times with 
50 mL of water. The organic solvent was dried over 
anhydrous Na2SO4 before being eliminated. 

3-((1H-1,2,3-triazol-4-yl)methyl)-1-decyl-
imidazolium salts (rm1). Yield (82%), 1H-NMR 
(300 MHz, DMSO-d6): δ (ppm): 0.89 (3H, CH3, t, J = 6.7 
Hz), 1.17–1.25 (14H, 7 x CH2, m), 1.70 (2H, p, J = 6.9 
Hz), 4.31 (2H, N-CH2, t, J = 7.0 Hz), 5.35 (2H, N-CH2-

triazole ring, s), 6.68 (1H, imid H, s), 7.70 (1H, imid H, s), 
7.82 (s, 1H, H-triazole ring), 9.82 (s, 1H, NCHN), 13C-
NMR (75 MHz, DMSO-d6): δ (ppm): 143.21 (NCHN), 
142.14 (triazole-C4), 122.98 (triazole-C5), 122.04, 121.12 
(imid-C), 47.84 (-CH2‐N), 42.18 (N-CH2-triazole ring), 
32.01, 30.18, 29.97, 29.81, 29.35, 29.22, 26.98, 22.78 (8-
CH2), 14.20(CH3). FTIR (KBr, cm−1): 3108 (triazoleC-H), 
2968 (aliphC-H), 2852 (aliphC-H), 1612 (C=N), and 1254 
(C-N). 
3-((1H-1,2,3-triazol-4-yl)methyl)-1-dodecyl-
benzimidazolium salts (rm2). Yield (80%), 1H-NMR 
(300 MHz, DMSO-d6): δ (ppm): 0.86 (3H, CH3, t, J = 6.7 
Hz), 1.14–1.21 (18H, 9 x CH2, m,), 1.68 (2H, p, J = 6.9 
Hz), 4.35 (2H, N-CH2, t, J = 7.0 Hz), 5.32 (2H, N-CH2-

triazole ring, s), 6.67 (1H, imid H, s), 7.75 (1H, imid H, s), 
7.84 (s, 1H, H-triazole ring), 9.80(s, 1H, NCHN), 13C-
NMR (75 MHz, DMSO-d6): δ (ppm): 143.75 (NCHN), 
142.11 (triazole-C4), 122.91 (triazole-C5), 122.11, 
120.78 (imid-C), 48.14 (-CH2‐N), 43.21 (N-CH2-triazole 
ring), 32.11, 31.42, 30.97, 30.15, 29.99, 29.78, 29.45, 
29.08, 26.87, 22.55 (8-CH2), 14.25(CH3). FTIR (KBr, 
cm−1): 3122 (triazoleC-H), 2945 (aliphC-H), 2835 (aliphC-H), 
1632 (C=N), and 1251 (C-N). 
3-((1H-1,2,3-triazol-4-yl)methyl)-1-tetradecyl-
imidazolium salts (rm3). Yield (74%). (300 MHz, 
DMSO-d6): δ (ppm): 0.85 (3H, CH3, t, J = 6.7 Hz), 1.15–
1.22 (22H, 11 x CH2, m), 1.73 (2H, p, J = 6.9 Hz), 4.35 
(2H, N-CH2, t, J = 7.0 Hz), 5.31 (2H, N-CH2-triazole ring, s), 
6.65 (1H, imid H, s), 7.76 (1H, imid H, s), 7.83 (s, 1H, H-
triazole ring), 9.80 (s, 1H, NCHN), 13C-NMR (75 MHz, 
DMSO-d6): δ (ppm):143.44 (NCHN), 141.94 (triazole-
C4), 122.78 (triazole-C5), 122.14, 121.02 (imid-C), 47.94 
(-CH2‐N), 43.15(N-CH2-triazole ring), 32.21, 31.54, 
30.79, 30.32, 29.87, 29.77, 29.71, 29.38, 29.20, 28.38, 
26.54, 22.65 (CH2), 14.28 (CH3). FTIR (KBr, cm−1): 3111 
(triazoleC-H), 2975 (aliphC-H), 2850 (aliphC-H), 1625 (C=N), 
and 1265 (C-N). 
3-((1H-1,2,3-triazol-4-yl)methyl)-1-hexadecyl-
imidazolium salts (rm4). Yield (78%), 1H-NMR 
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(300 MHz, DMSO-d6): δ (ppm): 0.83 (3H, CH3, t, J = 6.7 
Hz), 1.17–1.24 (26H, 13 x CH2, m), 1.71 (2H, p, J = 6.9 
Hz), 4.33 (2H, N-CH2, t, J = 7.0 Hz), 5.38 (2H, N-CH2-triazole 

ring, s), 6.72 (1H, imid H, s), 7.74 (1H, imid H, s), 7.84 (s, 
1H, H-triazole ring), 9.85(s, 1H, NCHN), 13C-NMR 
(300 MHz, DMSO-d6): δ (ppm): 143.65 (NCHN), 142.47 
(triazole-C4), 122.87 (triazole-C5), 122.58, 121.05 (imid-
C), 47.75 (-CH2‐N), 42.73 (N-CH2-triazole ring), 32.54, 
31.87, 30.98, 30.25, 30.11, 29.95, 29.80, 29.54, 29.30, 29.20, 
29.04, 28.41, 26.85, 22.24 (8-CH2), 14.26 (CH3). FTIR 
(KBr, cm−1): 3122 (triazoleC-H), 2987 (aliphC-H), 2874 (aliphC-
H), 1635 (C=N), and 1239 (C-N). 
3-((1H-1,2,3-triazol-4-yl)methyl)-1-octadecyl-
imidazolium salts (rm5). Yield (75%), 1H-NMR 
(300 MHz, DMSO-d6): δ (ppm): 0.86 (3H, CH3, t, J = 6.7 
Hz), 1.15–1.22 (30H, 15 x CH2, m), 1.73 (2H, p, J = 6.9 
Hz), 4.28 (2H, N-CH2, t, J = 7.0 Hz), 5.33 (2H, N-CH2-triazole 

ring, s), 6.68 (1H, imid H, s), 7.70 (1H, imid H, s), 7.82 (s, 
1H, H-triazole ring), 9.81 (s, 1H, NCHN), 13C-NMR(75 
MHz, DMSO-d6): δ (ppm): 143.78 (NCHN), 142.78 
(triazole-C4), 122.90 (triazole-C5), 122.24, 121.08 (imid-
C), 47.78 (-CH2‐N), 42.38 (N-CH2-triazole ring), 32.21, 
31.87, 31.61, 30.98, 30.64, 30.47, 30.21, 29.95, 29.86, 29.56, 
29.33, 29.24, 29.14, 28.74, 26.93, 22.97 (8-CH2), 14.09 
(CH3). FTIR (KBr, cm−1): 3132 (triazoleC-H), 2987 (aliphC-H), 
2880 (aliphC-H), 1621 (C=N), and 1242 (C-N). 

Antibacterial activity 
The biological activity (antibacterial activity) of 

target products was studied in vitro under controlled 
conditions with Muller Hinton Agar medium using the 
disc diffusion technique. The test organisms that are used 
in this study were first grown in nutrient broth and 
cultured at 37 °C for 24 h before being moved onto the 
Muller Hinton agar dishes in a laminar flow cabinet. The 
newly prepared compounds were first dissolved in DMSO 
and then soaked onto sterile dishes of filter paper number 
1 with (6 mm diameter). The prepared discs were then 
placed carefully on top of the previously arranged 
contaminated plates and incubated at a fixed place. After 
one day of incubating materials at 37 °C, the mm-sized 
zone of the inhibition zone for each substance was 
determined. The DMSO-impregnated disc was used as a 
negative control. Ciprofloxacin, a popular antibiotic, was 

used as a positive control drug in the comparison of the 
effectiveness [27]. Each test was performed three times, 
with the average serving as the final reading. 
Compounds with a good zone of inhibition were chosen 
to calculate the minimum inhibitory concentration 
(MIC). 

Antifungal activity 
Using potato dextrose agar medium and using a 

classic technique, the disc diffusion method, the newly 
synthesized molecules in vitro antifungal activity was 
estimated. The bacteria under study were injected onto 
the outer surface of a used agar plate. The surface of the 
plate was next covered with new sterile discs of filter 
paper no. 1 (6 mm in diameter) having precise doses of 
the antifungal medication fluconazole as control 
(100 mg for the end products). The used plates were 
incubated at 28 °C for 72 h to test the antifungal activity. 
A paper disc that had been dipped in DMSO was 
employed as a checkpoint. The nutritional agar medium 
was made, autoclaved for 20 min at 15 lbs. of pressure, 
and then placed into petri plates to set. Using a sterile 
cotton swab, a microbial suspension was applied to the 
surface of the media. Using a previously sterilized cork 
borer, cups were created by boring into the surface of the 
agar and scooping up the agar that had been punched. In 
four cavities or cups that had been carved out of the 
medium, various amounts of the test chemicals and the 
reference drug as control fluconazole were placed. After 
being kept at ambient temperature for 1 h, the plates 
were incubated at 37 °C for 1 d. The diameter of the 
inhibition zone that had developed around the cavities 
(cups) was determined after 1 d incubation period, and 
the compound's percentage of inhibition was 
determined. A solvent control was also used to ascertain 
the blank's activity. 

Determination of MIC 
In this work, the agar streak dilution technique was 

utilized to measure the substance's MIC. From a stock 
solution of the prepared chemical products (100 g/mL in 
DMSO), graded amounts of the test compounds were 
added to a specified amount of molten sterile agar 
(Muller Hinton agar). A predefined volume of the 
compound-containing medium at (45 °C) was added to 
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a Petri dish that was used with a depth of 3–4 mm, and 
then the prepared compound was allowed to crystallize. 
The microorganism was created as a suspension with an 
approximate concentration of 105 cfu/mL, added to test 
plates containing chemicals that were serially diluted in 
DMSO, and then incubated at 37 °C. Following the 
incubation period, MIC values were determined. Each 
determination was made in three copies, with the average 
serving as the final reading. DMSO was working as a 
negative control, while the common antibiotic 
ciprofloxacin medication was used as a reference 
(100 g/mL). MIC was defined as the lowest concentration 
of the test substance where there was no appreciable 
growth of bacteria or fungi on the lamina [28]. 

■ RESULTS AND DISCUSSION 

Synthesis 

Using commercially available imidazole as the 
starting material, the desired 1,2,3-triazole hybrids (rm1-
rm5) were synthesized, as shown in Scheme 1. To remove 
acidic hydrogen from nitrogen for 2 h, the secondary 
amine of imidazole ring at 1-position was first alkylated 
with alkyl halide having chain of carbon atoms such as 
(10, 12, 14, 16 and 18 carbon atom) in the presence of 
potassium hydroxide as a basic catalyst. Then, the next 
step is a nucleophile attack in the imidazole ring on the 
carbon atom bonded bromide refluxing in DMSO for 1.5 h  
 

to produce the desired N-alkyl imidazole (Scheme 1). 
Based on their spectral data, molecules (m1-m5) 

had their structures determined. Based on the 
elimination of hydrogen (NH) absorption band at 
3390 cm−1 in the secondary amine of the imidazole ring, 
the IR spectrum proved that (m1-m5) had been 
monoalkylated. The spectra also showed the presence of 
two distinct bands associated with the alkene hydrogen 
(=C-H) at 3157 and 3107 cm−1. Alkyl chains are 
substituted in 1-alkyl-1H-imidazoles (m1-m5), which 
have absorptions of the (-C-H) aliphatic stretching at 
2840–2980 cm−1. According to the removal of one 
exchangeable hydrogen in secondary amine NH of 
imidazole ring in the downfield, the 1H-NMR study 
clearly demonstrated that an alkyl chain had been 
inserted at the nitrogen atom of imidazole. Alkyl chain 
substitutes that show in the high field are present in the 
substituted imidazoles (m1-m5). The N-CH2 protons 
exist in the region δ 4.55–4.48 ppm, whereas methylene 
protons are present in the range δ 1.28–1.18 ppm, and 
methyl protons(-CH3) are present at δ 0.87–0.83 ppm. 
Through the emergence of diagnostic carbon signals in 
the range of δ C 45–14 ppm, which were attributed to 
the methylene carbons, the 13C-NMR study verified the 
incorporation of an alkyl residue. In the next step, the 
resulting N-alkyl imidazole derivatives were dissolved in 
acetonitrile solvent and refluxed with an additional  
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Scheme 1. Synthesis new 1,2,3-triazole compounds based on imidazole 
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amount of propargyl bromide. At a high temperature of 
about 90 °C, the free pair of nitrogen electrons in 
imidazole coupled with the electrophilic site of alkyl 
bromide to form imidazolium salts (r1-r5). The IR 
spectrum verified the presence of two strong bands in the 
range of 3287–2268 cm−1 and 2133–2122 cm−1, which are 
connected to the acetylenic proton (C-H) and triple bond, 
respectively, in the disubstituted imidazolium salt (r1-r5). 

Evaluation of Anti-microbial Screening 

In this work, two types of bacteria (gram-positive 
and gram-negative) and a synthetic substance of fungus, 
were tested in vitro whereas the functional groups 
essential for anti-microbial activity were preserved. The 
synthetic compounds were shown to be more effective 
against gram-positive bacteria than the other bacteria. 
The molecule's strong lipophilicity is estimated to play a 
key role in delivering the antibacterial action. A 
fundamental factor governing how drugs interact with 
biological systems is a compound's lipophilicity 
(hydrophobicity), a critical physical property affecting 
membrane permeability, solubility rate and 
bioavailability. The log P representation of a compound's 
lipophilicity is regarded to be a crucial predictor of 
potential antibacterial action. The octanol/water partition 
index log is used to express the ratio of hydrophobicity to 
lipid susceptibility. Moreover, it plays an important role 
in regulating passive membrane partition permeability 
(i.e., increased log P enhances permeability). 
Hydrophobic pharmaceuticals (high partitioning 
coefficients) are preferentially transported to the 
lipophilic compartments, such as the fat cell bilayers, 
while hydrophilic drugs (low partitioning coefficients) are 
preferentially located in the hydrophilic compartments, 
such as serum. The findings of Swiss ADME, which are 
shown in Table 1, were utilized to calculate the values of 
log P. Swiss ADME [29] was also used to compute molar 
refractivity (MR), a measure of molecular mass, 
polarizability, and steric facto, to clarify the activity 
performance of created molecules. The end results are 
shown in Table 1. Molar refractivity is produced by 
adjusting the molar volume for the refractive index. The 
connection of the antimicrobial information with the 
values of molar refractivity and log P led to the conclusion  

Table 1. Substituted (-R), compounds symbol, molar 
refractivity and log P of prepared products (rm1-rm5) 

No Comp. Subs. R Molar refractivity Log P 
rm1 C10H21 97.2 3.22 
rm2 C12H25 105.5 4.01 
rm3 C14H29 115.3 4.83 
rm4 C16H33 124.7 5.65 
rm5 C18H37 135.5 5.76 

that the compounds with higher molar refractivity and 
log P values had greater antibacterial activity. Bacterial 
membrane permeability is necessary to measure 
antibiotic activity. The antibacterial effect of the 
compounds may be related to the formation of bacterial 
cell walls. This is plausible given that many bacteria rely 
on their cell walls to survive and that some antibiotics 
can kill bacteria by obstructing a process necessary to 
produce peptidoglycans. The relatively thin cell walls of 
gram-negative bacteria, which consist of a few layers of 
peptidoglycan, are surrounded by a second lipid 
membrane with lipopolysaccharides and lipoproteins. 
In the other hand, gram-positive bacteria have thick cell 
walls consisting of several layers of peptidoglycan and 
teichoic acids. Some drugs active against gram-positive 
bacteria have been found to be ineffective against gram-
negative bacteria due to these changes in cell wall 
composition [30]. 

Anti-bacterial activity 
Table 2 displays the anti-bacterial screening 

findings for all synthesized compounds. Compound 
(rm5) showed substantial efficacy against all tested 
bacteria. At the same time, some displayed good activity, 
some of the produced compounds displayed just 
moderate activity. It was found that the effect against 
bacteria increases with the increase in the number of 
carbon atoms in the tail of the alkyl chain. The results of 
the antibacterial activity research are presented in Table 
2 at a single concentration of 100 μg/mL. 

Anti-fungal activity 
All the newly prepared molecule's anti-fungal 

screening results are reported in Table 3. Compounds 
(rm5 and rm4) demonstrated noticeable activity against 
all tested fungi. At the same time, some displayed good 
activity, some of the produced compounds displayed just 
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Table 2. Antibacterial activity of title compounds(mr1-mr5) measured by zone of inhibition against selected bacteria 

No Comp. 
Gram-positive Gram-negative 

S. aures B. subtilis E. coli K. pneumoniae 
rm1 13 15 11 8 
rm2 13 17 13 8 
rm3 17 20 16 14 
rm4 20 21 17 15 
rm5 22 24 20 18 

Ciprofloxacin 29 29 28 29 
 
Table 3. Results of antifungal activity of newly prepared 
compounds(rm1-rm5) measured by zone of inhibition 
against selected fungi 

No Comp. A. niger C. albicans 
rm1 12 11 
rm2 15 13 
rm3 20 18 
rm4 23 20 
mr5 25 22 

Fluconazole 32 31 

moderate activity. It was found that the effect against 
bacteria increases with the increase in the number of 
carbon atoms in the tail of the alkyl chain. The results of 
the antibacterial activity research are presented in Table 3 
at a single concentration of 100 μg/mL. 

■ CONCLUSION 

Successful syntheses of the imidazole compounds 
rm1-rm5 have been prepared. To assess the impact of the 
substituent on the antibacterial and antifungal properties, 
a pharmacological investigation was conducted. The 
biological activity results showed that, in comparison to 
the reference medicine, all newly synthesized 1,2,3-
triazole compounds with imidazole rings demonstrated 
better antibacterial activity than antifungal activity. The 
outcomes of the anti-bacterial showed that rm5, out of all 
the compounds, had the strongest antibacterial effect 
against the bacteria that were tested, but rm3 and rm4 had 
only mild anti-bacterial effects in comparison to 
ciprofloxacin. The anti-fungal screening findings 
demonstrated that the rm4 and rm5 demonstrated 
effective anti-fungal action against the investigated fungus, 
with effectiveness against A. nigeer. A. niger and C. albicans 
were both moderately susceptible to the rm2 and rm3. 
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